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Abstract: This investigation was conducted to establish an in vitro regeneration system for “BARI
Passion Fruit–1” through standardizing the plant growth regulators. Direct shoot organogenesis from
nodal segment explant was possible with different concentrations of BAP (0.5, 1.0, 1.5, 2.0, 2.5, and 3.0
mg/l) and KIN (0.5 mg/l).The maximum shoot initiation percentage (90.20%), minimum days (7.50) for
shoot initiation, the highest number of shoots (6.00) per explant, the highest number of leaves per shoot
(6.25), the highest fresh weight of shoot (0.79 g), and the maximum shoot length (2.50 cm) were
achieved when MS medium was supplemented with BAP 1.5 mg/l + KIN 0.5 mg/l. In vitro rooting
varied with different concentrations of IBA (0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 mg/l). The maximum root
initiation percentage (85.50%), minimum days (15.00) for root initiation, the highest number of roots per
plantlet (5.00), the highest fresh weight (1.70 g)of roots, and the maximum root length (4.75 cm) at
40DAC were achieved when MS medium was supplemented with IBA 1.5 mg/l. After successful
acclimatization, the regenerated plantlets (100%) were effectively adapted to the glasshouse condition.
This research suggests that MS medium supplemented with 1.5 mg/l BAP + 0.5 mg/l KIN for shoot
initiation, and 1.5 mg/l IBA for in vitro rooting can be considered for regeneration of passion fruit from
nodal segments.
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Introduction
The passion fruit (Passiflora edulis) belongs to the family of Passifloraceae, consists of
approximately 500 varieties distributed across the tropical and subtropical regions (Khas et al.,
2020). Because of the nutritional value of fruits, the pharmaceutical properties of the leaves and
the ornamental value of flowers, it is considered to be a commercially important crop (Huh et al.,
2017). For propagation purposes of passion fruit, seeds, cuttings, air-layering or grafting methods
are usually used. On the other hand, passion fruit seedlings produce high levels of genetic diversity
and traditional propagation techniques, including cutting and grafting rely on some factors, like
plant age, physiology, and cultural practices. Therefore, in vitro tissue culture techniques are
considered for the clonal propagation of superior genotypes, disease-free plants, and breeding
materials of Passiflora species. Several protocols have been developed for in vitro propagation of
passion fruit using various explants, including nodal parts, leaf, hypocotyl, and cotyledon (Reis et
al., 2003; Pinto et al., Silva et al., 2015). Each of these protocols, however, has its benefits and also
a number of drawbacks, like low proliferation rate, high contamination, difficult to root, and
explant browning due to phenolic material leaching etc. Therefore, efforts to minimize the
drawbacks and to achieve a protocol that can lead to maximum regeneration are necessary.
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Due to its high potential for large numbers of true-to-type plants within a short period, direct
regeneration is an efficient method for micropropagation among tissue culture techniques (George
et al., 2008). Numerous factors are essential for the micropropagation of plants under in vitro
conditions, including plant growth regulators and their concentrations (Huh et al., 2017;
Valizadehkaji et al., 2013). Several studies have been performed to determine the optimum
composition of plant growth regulators for the in vitro spread of various passion fruit species
(Ozarowski and Thiem 2013). Auxins and cytokinin are the most effective plant growth
regulators used in plant tissue culture (Huh et al., 2017;Valizadehkaji et al., 2013).
The above facts suggest that there are some researchable weaknesses exists in
micropropagation of passion fruit, such as, low proliferation rate, high contamination, poor in
vitrorooting, and explant browning due to phenolic material leaching etc. Hence, the present
investigation was thought to standardize the plant growth regulators for developing a rapid
micropropagation protocol for safe, uniform, and reproducible plantlet production of passion fruit.
Materials and Methods
Explant preparation
In this experiment, the nodal segments of “BARI Passion Fruit–1”were used as the explants. In
January 2019, nodal segments of passion fruit were collected from the Germplasm Centre
(GPC), Department of Horticulture, Patuakhali Science and Technology University.From the
two-year-old stock plants, nodal segments of approximately 1.0 cm of length were excised.
Explants were washed with running tap water for 20 min after removing the leaves, then
disinfected for 15 min in a 0.1% HgCl2 solution with 2-3 drops of Tween 20 and rinsed in
double distilled water for four times. By using forceps, the excised explants were then
inoculated in the culture bottles that contained growing medium.
Media and culture condition
In this study, MS (Murashige and Skoog, 1962) medium was used as the basic culture medium
(BCM). MS medium was supplemented with 30g/l sucrose and gelled with 0.8% agar. The pH
of the medium was adjusted to 5.7 ± 0.2 with 0.1N NaOH or 0.1N HCl after addition of the
growth regulators. The medium was dispensed in culture bottles and autoclaved at 121 Cand 15
PSI, for 30 min. Culture bottles with inoculated explants were incubated in both dark and

light tissue culture rooms for 16 hours of daylight with fluorescent Philip white tubes
with a light intensity of 1500-2000 Lux at a temperature of 25 ± 2°C and relative
humidity of 60-70%. During daily observations, a morphological response from
cultured explants was recorded.
Shoot organogenesis
MS media supplemented with different concentrations of BAP (0.5, 1.0, 1.5, 2.0, 2.5, and 3.0
mg/l) and 0.5 mg/l Kinetin were used for direct shoot initiation. There were six treatment
combinations such as, T1: MS with BAP 0.5mg/l + KIN 0.5 mg/l, T2: MS with BAP 1.0mg/l +
KIN 0.5 mg/l, T3: MS with BAP 1.5 mg/l + KIN 0.5 mg/l, T4: MS with BAP 2.0 mg/l + KIN
0.5 mg/l, T5: MS with BAP 2.5 mg/l + KIN 0.5 mg/l, T6: MS with BAP 3.0 mg/l + KIN 0.5
mg/l. Each treatment combination consisted of one culture vessel and repeated five times.
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After transferring the explant on shoot organogenesis media, daily observation was made on
shoot initiation. At the 40th day of culture, data were recorded on shoot initiation percentage,
fresh weight of shoot, shoot length, number of shoots and number of leaves per shoot.
Formation of adventitious root
For root induction, MS media supplemented with different concentrations of IBA (0.5, 1.0, 1.5,
2.0, 2.5, and 3.0 mg/l) were used. Each treatment consisted of one culture bottle and repeated
five times. After two weeks of culture, days required for root initiation was observed. Data were
recorded on root initiation percentage, fresh weight of root, root length and number of roots per
plantlet after 40th days of transferring the shoots in root induction media.
Acclimatization of regenerated plantlet
For acclimatization, plantlets were transferred to the controlled environment in an exvitro
condition. The cultured bottle containing the regenerated plants were unplugged and held at room
temperature for 2-4 days with the usual temperature for gradual acclimatization. After 2-4 days of
hardening, plantlets were removed from the culture bottles and washed under running tap water.
After that, plantlets were transferred to garden soil in a glasshouse. The autoclaved compost soil
was used for acclimatization purposes with a ratio of 1:1 (garden soil: compost). The plantlets
were ready for ex vitro field condition with 6-7 leaves and a well-developed root system.
Statistical analysis
The experiment was laid out in a Completely Randomized Design (CRD). All data were analyzed
with one-way analysis of variance (ANOVA) using Statistical Package for the Social Sciences
(SPSS Inc., Chicago, IL, USA, version 24.0). Mean with standard error of all treatments were
compared by Duncan's Multiple Range Tests (DMRT) at p≤ 0.05 significance level.
Results
Shoot organogenesis
Significant variations were found among the concentrations and combinations of BAP and KIN
in the case of direct organogenesis of shoot from nodal segment explant of passion fruit (Table
1). In general, shoot organogenesis started after one week of culture. The MS medium
containing BAP 1.5 mg/l + KIN 0.5 mg/l took the minimum days (7.5) for shoot initiation and
produced the highest percentage (90.20%) of shoots, the highest fresh weight (0.79g) of shoot
and the highest length (2.50cm) of shoot. Significantly the highest number (6.00) of shoot per
explant and the highest number (6.25) of leaves per shoot were also observed in the same
medium (Figures 1 & 2).A substantial difference in shoot bud differentiation was observed due
to the influence of different combination and concentration of growth regulators (Figure 5). In
the treatment 6, when a higher concentration of growth regulators was used, shoot formation
was accompanied by callus formation to some extent (Figure 5). Although BAP 1.5 mg/l + KIN
0.5 mg/l treatment showed the best shoot organogenesis within the shortest incubation period,
BAP 2.0 mg/L + KIN 0.5 mg/l also showed substantial performance in this regard. The lowest
concentration and combination of growth regulators (BAP 0.5 mg/l + KIN 0.5 mg/l) seemed
unsuitable because of its poor performance in shoot organogenesis.
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Formation of adventitious root
Adventitious rooting of regenerated shoots varied significantly due to the effects of different
concentrations of IBA (Table 2).In general, adventitious root formation started after two weeks of
culture. MS medium supplemented with IBA 1.5 mg/l (T3) took the shortest time (15 days) for
root formation followed by IBA 2.0 mg/l (17 days). The highest percentage (85.50) of root
initiation, the highest number of roots (5.0) and the highest fresh weight (1.70g) of root per plantlet
were recorded from MS medium containing IBA 1.5 mg/l. This treatment also influenced the
plantlet to produce the tallest (4.75 cm) root (Figure 3). Although, IBA 1.5 mg/l performed best in
respect of adventitious root formation indicators, the concentration of IBA 2.0 mg/l(T4) produced
the highest number of micro roots per plantlet (Figure 4).The MS medium with higher
concentration of IBA favoured better for in vitro rooting from shootlets because the lower
concentrations (IBA 0.5mg/l and IBA 1.0mg/l) showed very poor rooting (Figure 6).
Acclimatization
In vitro grown plantlets were moved to the ex vitro environment to adopt natural conditions by
acclimatization. At first, the plantlets were transferred from the growth room and kept at room
temperature (30-34°C) for 4-5 days. After hardening, the plantlets (rooted shoots) were carefully
removed from the culture bottles with the forceps and the roots were gently washed with tap
water to remove the adhesive media.
The plantlets were then covered with moistened tissue paper to prevent the plantlets from
drying out and to mitigate the effect of a sudden shock. Each plantlet was then transferred to a
small earthen pot containing autoclaved compost soil at a ratio of 1:1 (garden soil: compost). It
was done throughout the afternoon. Immediately after transplantation, the plantlets were
irrigated with fine water spray. To harden in the natural environment, the plantlets were kept in
shade areas and irrigated periodically. The plantlets had taken 6-7 days to adapt to the natural
environment and finally well acclimatized in ex vitro condition (Figure 7). Out of 12 plantlets,
07 were well acclimatized. The regenerated plants did not show any notable variation in
morphological characteristics compared to the original donor plant.
Discussion
High contamination, recalcitration of mature plants, hyperhydration, and browning of the
culture media or explants due to the leaching of phenolic materials are the key problems in the
tissue culture of perennial plants (Krishna and Singh, 2007). The nodal segments of
two-year-old passion fruit plants grown in the glasshouse were used as explants in the present
research. In diverse plant species, there have been reports that the explants from young plants
have better responded to the culture medium (Shukla et al., 2008; Valizadehkaji, 2013).
Explants browning due to the exudation of phenolic materials have been identified as a serious
problem in the creation of passionflower cultures (Huh et al., 2017). Nevertheless, this issue was
not noted in the current study because explants from the young plants were prepared; young
plants synthesize less phenolic substances (Rai et al., 2009). To achieve the maximum efficiency
of in vitro propagation, it has been stated that a particular combination of plant growth regulators
is required for each plant species.
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Ozarowski and Thiem (2013) stated that the addition of cytokinin, gibberellic acid, and auxin
to the culture medium improved in vitro propagation efficiency of passion fruit. Moreover,
there are numerous studies about the impact on micropropagation with different plant growth
regulators of Passiflora cincinnata (Silva et al., 2011), Passiflora foetida (Anand et al., 2012),
Passiflora setacea (Vieira et al., 2014), and Passiflora caerulea (Prithviraj et al., 2015). In these
trials, BAP was used at various concentrations (ranging from 0.5 mg/l to 3.0 mg/L) for the in
vitro propagation of passion fruit. Iapichino and Airo (2009) reported that a higher level of BA
in the cultured medium leads to more proliferation of the shoots. Mukasa et al. (2016) found
that when the varieties were grown on MS media supplemented with a combination of 2 mg/L
BAP and 0.5 mg/l KIN, the mean height of shoots was significantly (P<0.001) higher (3.08).
Prammanee et al. (2011) noted that shoot tips cultivated with 6.65 µM BAP produced some
short shoots, while the tissues cultivated with 4.4 µM BAP produced long shoots (4.00cm).
Tatiana et al. (2014) summarized that the MS media complemented with 1.0 mg/l BAP showed
the maximum number of leaves and the average breadth of the largest leaves.
A combination of 1.5 mg/l BAP+ 0.5 mg/l KIN could be more balanced in the current
experiment compared to other treatments for shoot regeneration. This combination of growth
regulator can also be considered as important for increasing the cell division rate which
increased the number of leaves also.
The rooting of the in vitro culture is an important condition for establishing the plantlet in the soil.
NAA and IBA are the most commonly used auxins for in vitro root induction in regenerating
passion fruit shoot. Auxins influence the rooting of explants intensively. Nataranjan et al. (2012)
studied that root induction, supplemented MS with a concentration of 1.0 mg/l of IBA, and
produced more roots at a rate of 90 percent and a maximum root length of approximately 4±0 cm.
The maximum number of passion fruit roots obtained on half-strength MS medium supplemented
with 2.0 mg/l IBA (Shekhawat et al., 2015). Dornelas and Vieira (1994) stated that leaflets were
relying on effective acclimatization of in vitro regenerating passiflora plants. They also found that
when the plant was not covered by polybags the survival rate was significantly reduced. In this
research, in vitro cultured plants were easily established in soil and their survival rate was 100%.
The plants were moved to the glasshouse after their acclimatization, and finally to the field.
Regenerated in vitro plants (100%) were successfully adapted to glasshouse condition.

Conclusions
This research has standardized a protocol for in vitro propagation of passion fruit with
optimized concentration and combinations of PGRs. The overall findings of this
research suggest to apply 1.5 mg/l BAP + 0.5 mg/l KIN for in vitro shoot initiation from
nodal segment explant and 1.5 mg/l IBA for in vitro rooting of passion fruit shootlets.
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TABLES
Table 1. Effects of different concentrations of BAP and KIN on the shoot initiation of passion
fruit

The data represent the mean values ± standard error. Different letter (s) corresponds to significant differences at p≤0.05 by DMRT
Table 2. Effects of different concentrations of IBA on the rooting performances of shoots

The data represent the mean values ± standard error. Different letter (s) corresponds to significant differences at p≤0.05 by DMRT
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FIGURES

Figure 1. Effect of different concentrations of BAP (0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mg/l) and
KIN (0.5 mg/l) on the number of shoots from nodal segment explant of passion fruit. Values
having different letter (s) differ significantly at 5% level of probability analyzed by DMRT.
Vertical bars indicate standard error

Figure 2. Effect of different concentrations of BAP (0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mg/l) and
KIN (0.5 mg/l) on the number of leaves from nodal segment explant of passion fruit. Values
having different letter (s) differ significantly at 5% level of probability analyzed by DMRT.
Vertical bars indicate standard error
127

J. Patuakhali Sci. and Tech. Uni. 2021, Vol: 11 (1)

Figure 3. Effect of different concentrations of IBA (0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mg/l) on root
length (cm) per plantlet of passion fruit. Values having different letter (s) differ significantly at
5% level of probability analyzed by DMRT. Vertical bars indicate standard error

Figure 4. Effect of different concentrations of IBA (0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mg/l) on
number of roots per plantlet of passion fruit. Values having different letter (s) differ significantly at 5% level of probability analyzed by DMRT. Vertical bars indicate standard error
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Figure 5. Initiated shoots from nodal segment of passion fruit in different treatments of PGRs.
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Figure 5. Initiated shoots from nodal segment of passion fruit in different treatments of PGRs.
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Figure 6. Initiated roots from regenerated shoots of passion fruit in different treatments of
PGRs.

Figure 7. Acclimatized plantlet of passion fruit in the glasshouse condition
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